INTRODUCTION
Over the last 3 years there have been significant advances in our understanding of chronic suppurative lung diseases. In this article we review a selection of key papers published in Thorax on the topics of cystic fibrosis (CF), primary ciliary dyskinesia (PCD) and non-CF bronchiectasis between 2008 and 2011 and set them in the context of the wider respiratory literature. While endeavouring to be comprehensive, we have elected to focus on clinical studies with practical implications for the diagnosis, management and prognosis of patients with these conditions.
NON-CF BRONCHIECTASIS
As can be seen from a glance at this review or a simple medical database search, the volume of work published on non-CF bronchiectasis and PCD is dwarfed by the research output on CF. The large gaps in the non-CF bronchiectasis evidence base were highlighted in the 2010 BTS bronchiectasis guidelines 1 and are of ongoing concern. The arrival of a relatively large randomised controlled trial of nebulised gentamicin in patients with non-CF bronchiectasis is therefore highly welcome. 2 Murray and colleagues from Edinburgh randomised 65 patients to either nebulised gentamicin 80 mg twice daily or placebo for a period of 12 months. Although no improvement in lung function was seen, the gentamicin group had substantial improvements in exercise capacity and quality of life scores alongside an impressive doubling of the time to next exacerbation (120 vs 61.5 days). Dhar et al have reported their experiences with nebulised colistin in a small cohort of patients with non-CF bronchiectasis infected with Pseudomonas aeruginosa.
3 Regular colistin appeared to reduce the frequency of exacerbations and hospitalisation, a finding which now needs confirmation in larger controlled trials.
The prognosis for children with non-CF bronchiectasis has become clearer in recent years through the publication of three observational studies. Bastardo et al provided longitudinal data on lung function and growth in children predominantly with either idiopathic bronchiectasis or primary immunodeficiency. 4 Their cohort of 59 UK patients with a median age of 8.2 years had normal height, weight and body mass index at recruitment. Growth was satisfactory over the 3e5-year followup period and spirometric values remained stable during the study; neither a fall in lung function suggesting progressive disease nor an improvement suggesting response to treatment was seen. Kapur and colleagues from Australia subsequently produced data broadly in agreement with these findings, suggesting that lung function remains stable in patients with bronchiectasis managed in a tertiary centre. 5 Conversely, a group from New Zealand previously reported in this journal that children with non-CF bronchiectasis lost 1.9% of their best forced expiratory volume in 1 s (FEV 1 ) per year over a mean follow-up period of 5.7 years. 6 The explanation for the differences between these three cohorts remains unclear, but is likely to reflect a combination of differing ethnic backgrounds, aetiologies, healthcare systems and severity at baseline.
PRIMARY CILIARY DYSKINESIA
PCD refers to a group of autosomal recessive conditions causing impaired function of the respiratory epithelial cilia. The clinical effects of PCD include bronchiectasis, male infertility and recurrent sinusitis. 7 8 Marthin and colleagues from the National Danish PCD Centre published a study in 2010 representing an important milestone in our understanding of the natural history of PCD. 9 In a cohort of 74 patients there was considerable variability in the course of lung function over several decades. The potential for a substantial decline in lung function, seen in 10% of patients, is an important finding which highlights the need for accurate diagnosis and specialist follow-up of these patients.
Standard diagnostic techniques, as recommended in a European consensus statement, utilise electron microscopy and high-speed ciliary motion analysis of nasal epithelial biopsy samples. 8 In a proportion of patients, however, these tests prove inconclusive. Evidence has accumulated to suggest that culture of cilia from nasal brushing samples may help to clarify the diagnosis of PCD. Pifferi et al found that the combination of electron microscopy, ciliary motion analysis and cell culture provided a firm diagnosis or exclusion of PCD in 56/59 cases (95%). 10 In those with equivocal standard tests, the addition of cell culture allowed a firm diagnosis in two-thirds of cases (6/9). Hirst et al used an alternative aireliquid interface system to culture ciliated cells with a success rate of 54% leading to the exclusion of PCD in eight patients. 11 Where the culture was successful, this group was able to go on and perform electron microscopy of the cultured cilia for the first time. The precise role of these techniques is likely to evolve over the coming years and expand to encompass genetic analysis in PCD, thereby enhancing our diagnostic abilities. 8 
CYSTIC FIBROSIS Diagnostic uncertainty in CF: evolving strategies
Providing an accurate diagnosis in patients with atypical presentations or equivocal sweat test results is a considerable challenge for CF physicians. Despite the production of consensus guidelines on the diagnosis of CF, there is still no 'gold standard' test. 12 13 Great interest has been shown in recent years in the development of alternative methods of assessing CFTR function with the aim of improved diagnostic clarity.
Sermet-Gaudelus et al used nasal potential difference (NPD) measurement to investigate a group of 23 children with positive newborn screening tests but indeterminate sweat tests.
14 All had fewer than two CFTR mutations identified by genetic analysis. The authors identified thresholds for a CF range by comparison with both healthy controls and a group with classic CF. Thirteen patients had NPD results within the 'CF range' and, at 3 years of follow-up, 69% of these had developed evidence of chronic sinoplumonary disease compared with none of those classified as being in the 'control' range. In a separate study the investigators also investigated NPD in older children with suspected CF and equivocal sweat tests. 15 Over half the patients with abnormal NPD had two CFTR mutations compared with 14% of those with normal NPD, and 86% had phenotypic features of CF such as recurrent respiratory tract infections. A key observation is that this group was able to perform measurements in children as young as 3 months where previously this was thought to be a major limitation of NPD. 12 Alternative techniques to NPD for the characterisation of CFTR function include intestinal current measurement 16 and the more recently described skin sweat gland electrical measurement. 17 Both have shown promise as an aid to the diagnosis of equivocal CF, but head-to-head studies comparing these techniques with the more widely established NPD method are required.
Alongside refinement of these diagnostic techniques there is a need for a greater understanding of the natural history of patients with CFTR dysfunction. Retrospective pan-European data reported by Goubau et al in Thorax in 2009 gives some insight into this. 18 Patients with CFTR dysfunction (defined as sweat chloride 30e60 mmol/l and two CFTR mutations or abnormal NPD) had evidence of respiratory disease with an increased incidence of respiratory infections and isolation of P aeruginosa or Staphylococcus aureus compared with those classified as 'CF unlikely' (ie, intermediate sweat test but <2 CFTR mutations or normal NPD). The authors conclude that CFTR dysfunction is a distinct phenotype somewhere between pancreatic-sufficient CF and asymptomatic carrier status.
ASSESSMENT AND MONITORING OF CF LUNG DISEASE
FEV 1 remains the 'gold standard' means of assessing the progression of lung disease in CF but it has several limitations. As life expectancy in CF increases so the rate of decline of FEV 1 has slowed, limiting its suitability as a primary outcome measure for all but very large or long-term research studies. FEV 1 is also insensitive to the identification of early lung disease where the predominant pathology is in the small airways. The lung clearance index (LCI) is derived from a multiple breath washout technique and has been proposed as an alternative outcome measure in CF clinical studies. 19 20 The LCI value rises with increasing heterogeneity of ventilation and thus with increased disease severity. An attractive feature of LCI is that it is performed during tidal breathing and has been shown to be tolerated well by young children. 21 Horsley and colleagues from the UK CF Gene Therapy Consortium evolved a means of measuring LCI using technology originally designed for the non-invasive measurement of cardiac output. 22 LCI rose in proportion to falling FEV 1 
correlation between LCI and high-resolution CT (HRCT) abnormalities. LCI at the age of 4 years also appeared to be predictive of abnormal spirometry at 6e10 years of age in a cohort followed by the London CF Collaboration. 25 Those patients with normal FEV 1 but abnormal LCI may represent a target for early intervention to prevent disease progression. For instance, Amin et al used LCI to assess response to therapy with inhaled 7% hypertonic saline. 26 In a randomised crossover trial involving 20 patients, hypertonic saline led to a significant improvement in LCI after 4 weeks compared with nebulised normal saline. There was no difference between the two groups in FEV 1 , forced vital capacity or forced expiratory flow at 25e75% of FVC.
The role of thoracic HRCT scans in the assessment of CF lung disease continues to be debated. Work by Sly et al has shown that over 80% of children diagnosed with CF through newborn screening have abnormal HRCT scans at just 3 months of age. 27 Various CT severity scores and protocols have been described, although no consensus has been reached and it remains unclear as to the utility of CT scans for long-term monitoring of CF.
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AIRWAY CLEARANCE AND RESPIRATORY SUPPORT
One notable difference in CF care between North America and Europe is the marked discrepancy in the use of high-frequency chest wall oscillation (HFCWO) vests as an aid to sputum expectoration. HFCWO is considered standard therapy in the USA. Osman et al reported in 2010 a randomised crossover trial of HFCWO versus patients' usual airway clearance technique (ACT) over a 4-day period. 31 ACT led to a significantly higher sputum weight than HFCWO, and ACT was preferred by just over half of the participants. In an accompanying editorial, Bradley has emphasised the need for larger long-term comparative studies of the various ACT strategies. 32 Inhaled therapies to enhance sputum clearance in CF are a key part of maintenance CF care. Mannitol is an osmotic agent that has recently been evaluated as an inhaled therapy in CF. The theoretical mechanism of action of mannitol is through increased hydration of the airway surface liquid allowing easier expectoration of sputum. Two recent studies have evaluated the potential use of inhaled mannitol in CF. Minasian et al reported a modest improvement in FEV 1 in children with CF given 12 weeks of inhaled mannitol, 33 while Bilton and colleagues have recently reported the results of a large international phase III study of inhaled mannitol in CF. In this study, mannitol led to a modest improvement in absolute FEV 1 and a reduction in the number of exacerbations for those patients able to continue with the therapy. 34 The tolerability of inhaled mannitol may well limit its widespread use.
For over two decades non-invasive ventilation (NIV) has been used as a 'bridge to lung transplant', but evidence for substantial long-term clinical benefits in advanced CF remains elusive. Young et al performed a randomised crossover trial of nocturnal NIV, oxygen and supplemental air in eight patients with CF and hypercapnia. 35 NIV led to improvements in respiratory symptoms, shuttle walk distances and nocturnal transcutaneous carbon dioxide measurements but failed to impact on daytime carbon dioxide tension. Further studies are required to establish the precise indications and optimal timing for institution of long-term NIV in CF.
MICROBIOLOGY OF CF LUNG DISEASE
Chronic infection with P aeruginosa is associated with reduced survival, worsening lung function and increased morbidity. Strategies to reduce the incidence of chronic P aeruginosa infection are key components of CF care.
The use of serological testing to detect antibodies to P aeruginosa has been used extensively in paediatric practice where many patients are unable to produce sputum regularly. Douglas and colleagues compared the diagnostic value of serology with the culture of bronchoalveolar lavage fluid as part of two separate observational studies in young children. 36 In a combined population of 131 patients, serology had an extremely low positive predictive value of between 0.23 and 0.43, rendering it unsuitable for the diagnosis of P aeruginosa infection. A high negative predictive value of $0.94 was seen, however, suggesting that serology may still have a role as a screening test for P aeruginosa.
A potential source of pathogens such as P aeruginosa in CF is the patients' own upper airways. Mainz et al performed paired sputum cultures and nasal lavage in 182 patients. 37 Nasal lavage identified P aeruginosa in 55.6% of cases of known chronic infection. Genetic analysis confirmed the presence of identical strains in both upper and lower airways in 96% of cases with positive paired cultures. There may be a future role for upper airway sampling as a surrogate marker of lower airway infection in non-expectorating patients. The full ramifications of the upper airway as a reservoir and potential source of acquisition of CF pathogens need further exploration.
There is compelling evidence that certain P aeruginosa strains are transmitted between patients with CF. Wainwright and colleagues recently demonstrated that P aeruginosadas well as Burkholderia cenocepacia, Achromobacter xylosoxidans and Stenotrophomonas maltophiliadcould all be cultured from samples collected using a cough aerosol sampling system. 38 Twenty-five of 28 samples from patients with known chronic P aeruginosa infection produced positive cough aerosols, and in four of these cases air sampling of the clinic room was also positive. The study strongly suggests that the aerosol route is one potential mode of transmission for these pathogens. 39 Two recent studies have provided valuable information to guide therapeutic strategies to prevent chronic P aeruginosa infection. Ratjen et al conducted a randomised study comparing either 28 or 56 days of nebulised tobramycin 300 mg twice daily. 40 Participants had been free of P aeruginosa for at least 1 year with a minimum of four respiratory samples taken over this period. Approximately one-third of patients in each group re-isolated P aeruginosa over the study follow-up period. The median time to recurrence of P aeruginosa was 26 months in both the 28-and 56-day treatment groups. Both regimens were tolerated well with a low incidence of adverse events. Given these findings, extending inhaled tobramycin to 56 days for P aeruginosa eradication appears unnecessary. 41 Tramper-Stranders et al investigated an alternative approachdnamely, the use of regular prophylactic courses of anti-Pseudomonal antibiotics to try and prevent chronic infection. 42 A 3-week course of inhaled colistin and oral ciprofloxacin was given every 3 months to one group of children with CF while a control group received an inhaled and oral placebo. The primary outcome measure was identification of P aeruginosa in two respiratory cultures at least 1 week apart. No difference between the groups was seen in rates of P aeruginosa isolation or lung function, suggesting that the cycled antibiotic approach offers no direct advantage over culture-directed therapy. 43 Kolpen and colleagues have shown that polymorphonuclear leucocytes consume oxygen in the sputum of patients with chronic P aeruginosa infection, 44 and steep oxygen gradients exist within CF airways with regions of hypoxia within mucus plugs. Interest has therefore been growing in a potential role for anaerobic bacteria in CF lung disease. Tunney et al recently identified anaerobes in the sputum of all 26 patients commencing antibiotics for an exacerbation of CF. 45 In vitro data from Ulrich et al have suggested that the anaerobe Prevotella intermedia is cytotoxic to respiratory epithelial cells, suggesting a possible pathogenic role, 46 although the clinical extent of this is yet to be elucidated. 47 
ACUTE RENAL FAILURE IN CF
Patients with CF are at risk of renal injury: frequent use of nephrotoxic drugs, concurrent CF-related diabetes mellitus and dehydration as a result of gastrointestinal complications of CF may all contribute. 48 Smyth et al conducted a case-control study to investigate paediatric patients who had suffered an episode of acute renal failure (ARF). 49 Exposure to intravenous aminoglycosides was strongly linked to ARF with a staggering OR of 81.8 (95% CI 4.7 to 1427). The risk of ARF seemed to be particularly strong with gentamicin use (19/24 cases), but only 1/42 controls had received gentamicin over the previous year. The authors consequently recommend the use of tobramycin as the intravenous aminoglycoside of choice in CF. Strategies to further reduce the risk of renal impairment due to aminoglycosides are required. 50 
CF AND LUNG TRANSPLANTATION
Despite ongoing improvements in survival for patients with CF, respiratory failure due to chronic endobronchial sepsis almost invariably occurs. For those deemed to be 'good candidates', lung transplantation is the final remaining treatment option in this situation. The suitability for transplantation of those patients chronically infected with Burkholderia cepacia complex (BCC) has long been questioned, 51 and important evidence to add to this debate has recently been published.
The Newcastle transplant centre in the UK reported its outcomes in all 176 patients with CF receiving lung transplants over a period of two decades. 52 Survival rates at 1, 5 and 10 years in this cohort were 82%, 62% and 51%, respectively. Data were subsequently presented by the authors with specific regard to outcomes in patients chronically infected with BCC. 53 Twentytwo of 216 cases were infected with BCC before transplantation, 12 of whom had B cenocepacia infection. The B cenocepacia group had a mortality rate at 1 year of 75%, with eight out of nine patients dying of sepsis and BCC bacteraemia.
Findings by Boussaud et al broadly concur with the Newcastle experience of CF patients infected with BCC. 54 A similar number of patients in this study (22/247) were infected with BCC before transplantation. Median survival in the non-BCC group was 79 months compared with 43 months with BCC although, given the small numbers, this did not reach statistical significance. A significantly higher risk of death was seen with some but not all strains of B cenocepacia. Murray et al reported outcomes in 88 BCC-infected patients identified through the US Cystic Fibrosis Foundation registry. 55 Post-transplant mortality was increased in those harbouring B cenocepacia and Burkholderia gladioli, although patients infected with Burkholderia multivorans had similar survival rates to uninfected patients.
Going forward, there are ongoing variations between groups in acceptance for transplantation of patients infected with Burkholderia species. The Newcastle unit has concluded that the risk of transplantation in patients with B cenocepacia is too great, whereas the French group stop short of precluding these patients all together. It is likely that policy in this ethically challenging area will continue to excite controversy. 56 
SUMMARY
Over the last 3 years the respiratory research community has provided a wealth of vital clinical evidence in the field of CF and other suppurative lung conditions. The forward strides in the management of CF are sure to accelerate with the advent of CFTR-targeted therapies. 57 58 Over the next 3 years we also hope to see a corresponding increase in our understanding of the diverse entity that is non-CF bronchiectasis.
